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FOREWORD 


The Space Shuttle Phase B studies are directed toward the definition 
of an economical space transportation system. In addition to the missions 
which can be satisfied with the shuttle payload capability, the National 
Aeronautics and Space Administration has missions planned that require 
space vehicles to place payloads in excess of 100,000 pounds in earth orbit. 
To satisfy this requirement, a cost-effective multimission space shuttle 
system with large lift capability is needed. Such a system would utilize a 
reusable shuttle booster and an expendable second stage. The expendable 
second stage would be complementary to the space shuttle system and 
impose minimum impact on the reusable booster. 


To assist the expendable second stage concept, a two- phase study 
was authorized by NASA. Phase A efforts, which ended in December 1970, 
concentrated on performance, configuration, and basic aerodynamic con- 
siderations. Basic trade studies were carried out on a relatively large 
number of configurations. At the conclusion of Phase A, the contractor 
proposed a single configuration. Phase B commenced on February 1, 1971 
(per Technical Directive Number 503) based on the recommended system. 
Whereas a large number of payload configurations were considered in the 
initial phase. Phase B was begun with specific emphasis placed on three 
representative payload configurations. The entire Phase B activity has been 
directed toward handling the three representative payload configurations. in 
the most acceptable manner. Results of this activity are reported in this 
12-volume Phase B final report. 
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1.0 INTRODUCTION 



The mass properties herein are presented to describe the final results 
of the completed Phase B study of an expendable second stage with a reus- 
able booster. The purpose of this volume is to describe the final mass 
characteristics of the vehicle configurations for the three specified payloads 
in terms of weight, center of gravity, and mass moments of inertia. Data 
are presented on an individual basis for each of the following configurations: 

B-9U booster + ESS/MDAC space station 
B-9U booster + ESS/reusable nuclear stage 
B-9U booster + ESS/NR space tug 


1-1 


SD 71-140-4 



2.0 



REQUIREMENTS AND CRITERIA 


This report consists of elements identified in Section IV of the Study 
Control Document for the study of an expendable second stage (ESS) with a 
reusable booster. The format designated for mass properties reporting, as 
utilized for the Space Shuttle Phase B study, is used herein. 

The report is divided into three basic sections: the integrated vehicle 
system, the ESS, and the booster modifications. A fourth section includes 
the vehicle configurations on which the mass properties are based. 


i 
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3.0 INTEGRATED VEHICLE SYSTEM 


This section includes the mass characteristics of the three combined 
configurations during the mated portion of their flight operation. Weight 
data are shown for both the booster and ESS vehicles in a summarized tabu- 
lation which gives a "first generation" system breakdown. In order to 
describe the mass properties of the mated system (B-9U + ESS/Payload), 
for critical events of powered flight. Sequenced Mass Properties Statements 
are included. These data present the mass properties of the mated config- 
uration at "liftoff, " "Qmax, " "max G, " and "End Boost. " The. center of 
gravity movement resulting from the booster ascent propellant consumption 
during operation from Liftoff to End Boost is presented graphically. The 
relative center of gravity ranges anticipated for both the Shuttle and ESS 
System concepts are shown in a drawing at the end of this section. 


J 
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SUMMARY WEIGHT STATEMENT (LAUNCH CONDITION) 


CONFIGURATION 

B9U/ESS-MDAC SPACE STATION 


CODE SYSTEM 


WING GROUP 


TAIL GROUP 


BODY GROUP 


INDUCED ENVIR PROTECT 


LANDING, DOCKING 


PROPULSION, ASCENT 


PROPULSION, CRUISE 


PROPULSION, AUXILIARY 


PRIME POWER 


ELECTRICAL CONV & DISTR 


HYD 4 PNEU DISTR ~ 


SURFACE CONTROLS 


AVIONICS 


ENVIRONMENTAL CONTROL 


PERSONNEL PROVISION 


RANGE SAFETY 


BALLAST 


GROWTH 


PLATFORM 


SUBTOTAL (DRY WT) 


BOOSTER I EST I CALC ACT 


61*990 



PERSONNEL 



96936 63 15 22 




ORDNANCE 


RESIDUAL FLUIDS 


PATLOAD MARGIN 


SUBTOTAL (INERT WT) 


RESERVE FLUIDS 


INFLIGHT LOSSES 


PROPELLANT-ASCENT 


PROPELLANT -CRUISE 


PROPELLANTMANEUV/ACS 


285,191 88 5 


TOTAL (GROSS WT) LB 



DESIGNATIONS: 


EST % ESTIMATED WEIGHT 

CALC % CALCULATED WEIGHT 

ACT %ACTUAL WEIGHT 


NOTES & SKETCHES: 

0*0/ r 

/JVajA/AT/-C>A/ 


2.7.0 
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SUMMARY WEIGHT STATEMENT (LAUNCH CONDITION) 


CONFIGURATION 

- RNS 


CODE 


SYSTEM 




WING GROUP 


TAIL GROUP 


BODY GROUP 


INDUCED ENVIR PROTECT 


LANDING, DOCKING 


PROPULSION, ASCENT 


PROPULSION, CRUISE 


PROPULSION, AUXILIARY 


PRIME POWER 


ELECTRICAL CONV & DISTR 
HYD & PNEU DISTR 


SURFACE CONTROLS 


AVIONICS 


ENVIRONMENTAL CONTROL 


PERSONNEL PROVISION 


RANGE SAFETY 


BALLAST 


GROWTH 


ESS PLATFORM 


SUBTOTAL (DRY WT) 


PERSONNEL 


PAYLOAD 


ORDNANCE 


RESIDUAL FLUIDS 


SUBTOTAL (INERT WT) 


RESERVE FLUIDS 


INFLIGHT LOSSES 


PROPELLANT-ASCENT 


PROPELLANT-CRUISE 


PROPEL LANT-MANEUV/ACS 


BOOSTER EST CALC ACT 


61990 



643117 


655069 


96936 63 15 22 



195215 82 8 10 


TOTAL (GROSS WT) LB 



DESIGNATIONS: 


EST % ESTIMATED WEIGHT 

CALC % CALCULATED WEIGHT 

ACT % ACTUAL WEIGHT 


3570417 100 


NOTES & SKETCHES: 

Q#&/r 


;MCjL/A/AT/j2AL 
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SUMMARY WEIGHT STATEMENT (LAUNCH CONDITION) 


CONFIGURATION 

B9U/ESS - NR TUG 


BY 


DATE 


CODE 

SYSTEM 

BOOSTER 

EST 

CALC 

ACT 

ESS 

EST 

CALC 

ACT 

1*0 

WING GROUP 

61990 








2,0 

TAIL GROUP 

19230 



BHI 

BHH^I 

IBHI 



3.0 

BOOY GROUP 

182772 




H 

* 

IS 

warn 

mm 

4.0 

INDUCED ENVIR PROTECT 

826iA 








5.0 

LANDING, DOCKING 

Sy^bl 








6,0 

PROPULSION, ASCENT 

1301& 





Kill 

mm 


7,0 

PROPULSION, CRUISE 

50413 








8.0 

PROPULSION, AUXILIARY 

10557. 




na 

|[i>J 



9.0 

PRIME POWER 

1801 





H»TC 



10.0 

ELECTRICAL CONV & DtSTR 

1438 





ITgiM 



11*6 

HYD A PNEU D-ISTR 

1862 




406 

mm 

90 


12.0 

SURFACE CONTROLS 

7889 








130 

AVIONICS 

5468 




ms&m 

15E T~ 



14.0 

ENVIRONMENTAL CONTROL 

1650. 




1100 

100 



15.0 

PERSONNEL PROVISION 

1600 








16.0 

RANGE SAFETY 


^BH 

bhh 

IBH 




bh 

17.0 

BALLAST 


ibih 

^^B 




^^B 

BH 

18.0 

GROWTH 

.46486 




Hjj^^^B 


bhi 

^^B 

19.0 

ESS PLATFORM 

9770 









SUBTOTAL (DRY WT) 

643117 



■ 

96936 

63 

15 

22 

20.0 

PERSONNEL 

476 








210 

PAYLOAD 






vom 



22,0 

PAYLOAD ADAPTER 





10000 

turn 



23,0 

RESIDUAL FLUIDS 

m$5 





KOI 



24.0 

PAYLOAD MARGIN 






ir.M 




SUBTOTAL (INERT WT) 

655069 




229494 

85 

6 

9 

25.0 

RESERVE FLUIDS 





18487 

100 



26.0 

INFLIGHT LOSSES 

20802 




83 




27.0 

PROPELLANT-ASCENT 

2941395 





10b 



28.0 

propellantcruise 

143786. 





bbh 

bh 


29.0 

PROPELLANT -MANEUV/ACS 

1500 





KTi!S 



30.0 





















TOTAL (GROSS WT) LB 

3762552 

100 



754885 

95 

2 

3 


DESIGNATIONS: 

EST % ESTIMATED WEIGHT 

CALC %CALCULATED WEIGHT 

ACT %ACTUAL WEIGHT 


NOTES & SKETCHES: 
-<D7?3/T 

. ./A/CUNATtOM 
' £llT/TUO£ 


/OC ASSf 
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SEQUENCE MASS PROPERTIES STATEMENT 
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SEQUENCE MASS PROPERTIES STATEMENT 
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NOTES: 






















































FORM 394$‘A*2 NEW 8*70 





3-7 


SD 71-140-4 

















3-8 


SD 71-140-4 



3-9 


SD 71-140-4 









cr/yrrr or G/edV/rr /er/v&r 

+ rjrs/ r* yt oad 



£ 



preceding page blank not filmed 




4.0 EXPENDABLE SECOND STAGE 


This section presents the mass properties data for the selected expend- 
able second stage /payload combinations. Vehicle weight, centers of gravity, 
and mass moments of inertia were estimated and tabulated in standardized 
mass properties reporting format. Flight sequenced mass properties shown 
in this section are limited to the vehicle operational events occurring after 
the point of B-9U/ESS separation. Estimated mass properties for the ESS 
are based on the Saturn S-II vehicle with the modifications necessary to meet 
the ESS operational requirements. The ESS dry weight is constant for the 
three configurations. Mass properties variations result from different pay- 
loads and mainstage propellant requirements. Center of gravity location is 
graphically presented relative to time during the ESS flight operations. Pay- 
load mass properties were obtained from the Study Control Document, revised 
Feb. 1, 1971. 
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fORM 3945 A13 NEW 0-70 




SUMMARY WEIGHT STATEMENT (LAUNCH CONDITION) 

CONFIGURATION BY DATE 

B9U/ESS-MDAC SPACE STATION 

CODE 

SYSTEM 

BOOSTER 

EST 

CALC 

ACT 

ESS 

EST 

CALC 

ACT 

to 

WING GROUP 









2.0 

TAIL GROUP 







1 


3.6 

BODY GROUP 





57847 _ 

42 

21 

37 

4.0 

INDUCED ENVIR PROTECT 









5.0 

LANDING, DOCKING 









6.0 

PROPULSION, ASCENT 





“25328 _ 

90 

10 


7.0 

PROPULSION, CRUISE 









8.0 

PROPULSION, AUXILIARY 





4710 

100 



. ?.0 

PRIME POWER ~ 1 





8400 

100 



10.0 

ELECTRICAL CONV 8t DISTR 





1100 

100 



11.0 

PNEUMTIC PISTE. 





tog 

io" 

90 


12.0 

SURFACE CONTROLS 









13.0 

AVIONICS 





2955 

100 


" 

14.0 

ENVIRONMENTAL CONTROL 





... 1100 . 

_ 1 Q 0 



15.0 

PERSONNEL PROVISION 









16.0 

RANGE SAFETY 









17.0 

BALLAST "~l 









18.0 

GROWTH 









19.0 











SUBTOTAL {DRY WT) 





96936 

63. 

15 

22 

20.0 

PERSONNEL 









21.0 

PAYLOAD 





.176960 _ 

IPO 



22.0 

ORDNANCE 









23.0 

RESIDUAL FLUIDS 





5965 “ 




24.0 

PATLOAD MAEGIN 





5330 

100 




SUBTOTAL {INERT WT) 





285191 

88 

5 

7 

25.0 

RESERVE FLUIDS 





“ 6659 

100 



26.0 

INFLIGHT LOSSES 





83 

100 



27.0 

PROPE L LANT -ASCENT 





677150 

100 



28.0 

PROPELLANT-CRUISE 









29.0 

PROPELLANT-MANEUV/ACS 





22917 

1Q0 



30.0 





















TOTAL (GROSS WT) LB 





992000 

98 

1 

1 

DESIGNATIONS: 

EST % ESTIMATED WEIGHT 

CALC % CALCULATED WEIGHT 

ACT %ACTUAL WEIGHT 

NOTES 8t SKETCHES: 
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SUMMARY WEIGHT STATEMENT (LAUNCH CONDITION) 


CONFIGURATION 


BY 


DATE 


CODE 

SYSTEM 

BOOSTER | EST 

CALC 

ACT 

ESS 

EST 

CALC 

ACT 

1.0 

WING GROUP 









2.0 

TAIL GROUP 









■cHI 

BODY GROUP 






Kl 

21 

mm 

4.0 

INDUCED ENVIR PROTECT 









5.0 

LANDING, DOCKING 









6.0 

PROPULSION, ASCENT 






KEI 

10 


7.0 

PROPULSION, CRUISE 





i_ — 




8.0 

PROPULSION, AUXILIARY 





HP 

ioo 



9.0 

PRIME POWER 





Mil 1 1 ■ 

■To! 




ELECTRICAL CONV & DISTR 





■bpi 

HOI 



11.0 

PNEUMATIC DISTR. 





^0^ 

MEM 



12.0 

SURFACE CONTROLS 









130 

AVIONICS 






100 



14.0 

ENVIRONMENTAL CONTROL 





1100 

100 



15.0 

PERSONNEL PROVISION 









16.0 

RANGE SAFETY 









17.0 

BALLAST 









18.0 

GROWTH 









19.0 











SUBTOTAL (DRY WTI 





96936 

63. 

15 

22 

20.0 

PERSONNEL 









21.0 






8S000 

BMP 



22.0 

ORDNANCE 









23.0 

RESIDUAL FLUIDS & GASES 





m^isp 

nsa 



24.0 


bhhh 



HHI 

Km 

IliM 




SUBTOTAL (INERT WT) 




■ 

195215 

82 

8 

10 

25.0 

RESERVE FLUIDS 






100 



26.0 

INFLIGHT LOSSES 





B3_ 

VG5M 



iwmm 

PROPELLANT -ASCENT 





_k28l98_ 

100 



28.0 

PROPELLANT-CRUISE 









29.0 

PROPELLANT-MANEUV/ACS 






WTStM 



30.0 





















TOTAL (GROSS WT) LB 






wm 

2 

K 

DESIGNATIONS: 

EST % ESTIMATED WEIGHT 

CALC % CALCULATED WEIGHT 

ACT %ACTUAL WEIGHT 

NOTES & SKETCHES: 
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FORM 3945*A*13 NEW 9*70 




SUMMARY WEIGHT STATEMENT (LAUNCH CONDITION) 

CONFIGURATION BY DATE 

B9U/ESS - WE TUG 

CODE 

SYSTEM 

BOOSTER 

EST 

CALC 

ACT 

ESS 

EST 

CALC 

ACT 

1.0 

WING GROUP 









2.0 

TAIL GROUP 









3,0 

BODY GROUP 





M&iSEM 

11 

mm 

mm 

*.0 

INDUCED ENVIR PROTECT 









5.0 

LANDING, DOCKING 









6.0 

PROPULSION, ASCENT 





mmsm 

Ksa 

10 


7*0 

PROPULSION. CRUISE 









80 

PROPULSION, AUXILIARY 





■9ISI 

BBS! 



9.0 

PRIME POWER 





3400 

100 



10*0 

ELECTRICAL CONV & DISTR 





... U 90 

wm ■ 



11.0 

PNEUMATIC DISTR. 





406 

10 

ESI 


12,0 

SURFACE CONTROLS 









13.0 

AVIONICS 






100 



14.0 

ENVIRONMENTAL CONTROL 





1100 




15.0 

PERSONNEL PROVISION 









16*0 

RANGE SAFETY 









17.0 

BALLAST 









18.0 

GROWTH 









19.0 











SUBTOTAL (DRY WT) 




■ 

96936 

63. 

15 

22 

20.0 

PERSONNEL 









21*0 

PAYLOAD 





■IHflUM 

fE3 



22.0 





IHH 


100 



23.0 

RESIDUAL FLUIDS 


^z 

^z 


^KsEBEM 

WTKM 



24*0 







wtzm 




SUBTOTAL (INERT WT) 




■ 

229494 

85 

6 

9 

25.0 

RESERVE FLUIDS 





■tSDSSB 

100 



26.0 

INFLIGHT LOSSES 





83 1 

IPO 



27*0 

PROPELLANT-ASCENT 






100 



28.0 

PROPEL LANT-CRUISE 









29.0 

PROPELLANT-MANEUV/ACS 





“io4oi 

PTOl 












HHI 1 












TOTAL (GROSS WT) LB 





■riass&va 

mm 

2 

3 J 

DESIGNATIONS: 

EST % ESTIMATED WEIGHT 

CALC % CALCULATED WEIGHT 

ACT % ACTUA L WEIGHT 

NOTES & SKETCHES: 
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FORM NEW **70 




GF 

IOUP WEIGHT STATE 

MENT | 

CONFIGURATION 

ESS - S-II 

BY 

DATE 

PAGE 1 OF 5 


1. WING GROUP 

BASIC STRUCTURE 
TORQUE BOX 
LEADING EDGE 
TRAILING EDGE 
SECONDARY STRUCTURE 

VARIABLE GEOMETRY (INCL LBS MECHANISM) 

DOORS, INSULATION. FAIRINGS 
CONTROL SURFACES 

Al LERONS-ONCL SAL WT LB) 

T.E. FLAPS 
L.E. FLAPS 
SPOILERS 
SPEED BRAKES 

2. TAIL GROUP 

BASIC STRUCTURE 
TORQUE BOX 
CARRY THROUGH 
LEADING EDGE 
TRAILING EDGE 
SECONDARY STRUCTUR E 
CONTROL SURFACES 

RUDDER (INCL BAL WT LB) 

ELEVATOR (INCL BAL WT LB) 


3. BODY GROUP 

INTEGRAL TANKAGE 
FUEL TANK 
OXIDIZER TANK 
BETWEEN TANKS (CMN BLKHD) 
INSULATION 
BASIC STRUCTURE 

SIDEWALLS 

BULKHEADS 

PARTITIONS 


CARRY EXPOSED 
THROUGH SURFACE 

1 li t 


SURFACE SUPTMECH 


VERTICAL HORIZ 

1 ! J l 


L 


J L 


) 


SURFACE SUPTMECH 


13664 


£9384 


FWD 

1 4826 
4826 


CTR 


1L 


AFT 

> 112684 j 

12684 


3820 


SKIRT 

( 7500 1 


25010 


THRUST STRUCTURE (MAIN ASCENT ENGINE) 
SECONDARY STRUCTURE 
CREW COMPARTMENT 
EQUIPMENT COMPARTMENTS 
RADOME ANTENNAS 
SPEED BRAKES 
ENGINE HEAT PROTECTION 

INTERSTAGE (INCL MECH LBS) 

HOOK FAIRINGS AND PADJT 
GEAR WING PROVISIONS 
THERMAL REQUIREMENT 


7300 


3453 


~SW 


1123 


1700 


-57847 
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FORM 3945 A-6 NEW 8-70 


/ 


GROUP WEIGHT STATEMENT 


CONFIGURATION 
ESS - S-II 


4. INDUCED ENVIRONMENT PROTECTION 

THERMAL PROTECTION 
LEADING EDGE NOSE CAP 
SURFACE PROTECTION 
ABLATIVE 
INSULATION 
RADIATIVE PANELS 

SOUND PROTECTION 

5. LANDING, DOCKING 

ALIGHTING GEAR 
MAIN 
NOSE 

DOCKING 

AUXILIARY SYSTEMS 

DECELERATION CHUTES 
FLOTATION GEAR 
HANDLING GEAR 


PAGE 2 OF 5 


WING 


BODY 


STRUC- 

ROLLING TURE CONTROLS 



6. PROPULSION -MAIN ASCENT 
ENGINE & ACCESSORIES 
ENGINE (AS SUPPLIED) 

GIMBAL SYSTEM 

IGNITION AND CONTROL SYSTEM 
PROPELLANT UTILIZATION SYSTEM 
ACCESSORIES 

INSTALLATION, DUCTS, SHROUDS - PURGE 
PROPELLANT SYSTEM 
FILL DRAIN 
PRESSURIZATION 
VENT SYSTEM 
EEC IRC. SYSTEM 
PROPELLANT MANAGEMENT 
FEED SYSTEMS 

VORTEX, FLOW CONTROL SYSTEM 
SUPPORTS AND INSTALL 
TANKAGE-NONINTEGRAL TANK 

FUEL 

OXIDIZER 


FUEL 


17620 

1500 


OXIDIZER 

289 


INSULATE 


227 

SUPTS 


19480 
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FORM 3945 A-6 NEW S 70 


GROUP WEIGHT STATEMENT 



CONFIGURATION 

BY 

DATE 

PAGE 3 OF S 

ESS - S-II 




7. PROPULSION -CRUISE BACK 


ENGINE & ACCESSORIES 
ENGINE 

IGNITION AND CONTROL SY 
LUBRICATION SY (DRY) 

ACCESSORIES 

INSTALLATION, DUCTS, SHROUD 
AIR INDUCTION 
ENGINE MOUNTING 

NACELLES PYLONG (INCL LB MECH) 

EXHAUST SY 
PROPELLANT SY 
FILL DRAIN 

PRESSURIZATION (DRY) 

VENT SY 
PUMP 
FEED SY 
TRANSFER SY 
DUMP SY 

SUPPORTS/INSTALLATION 

TANKAGE -NON-INTEGRAL TANK INSULATE SUPTS 

FUEL 


8. PROPULSION AUXILIARY 

THRUSTER INSTALLATION 
THRUSTER 

ACCESSORY & SUPPORTS 
PROPELLANT SY 

F1LL/ORAIN & VENT 

PRESSURIZATION 

VENT 

FEED SYSTEM 
DUMP SYSTEM 
SUPPORTS 
TANKAGE 
TANKS 
INSULATION 
SUPPORTS 


ATT 

CONTROL 

755” 

616 

150 

123k- 


472 

700 

_50 


MANEU 

VER 

H72 


321 


4710 


lg^T~ 221 


it 


1213 


9. PRIME POWER 

POWER 

MTG/ 

PROPEL 

TEMP 

CON- 




UNIT 

INSTAL 

TANK/SYS 

CONTROL 

TROLS 

TOTAL 


BATTERIES 

2625 

775 




( 3400 

1 

ENGINE/TURBINE 






t 

1 

FUEL CELL 






1 

i 

10. ELECTRICAL 



CONVER- 

CONTROL 






SUPPLY 

SION 

UNITS 


335 


EQUIPMENT 



300 

- 35 





3400 - 


DISTRIBUTION AND CONTROL CIRCUITRY 
UTILITY SYSTEMS 
SUPPORTS/INSTALLATION 


111 . 

loE 
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FORM 3945-A-6 NEW 8-70 
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36 







37 







39 







?9 






' 

4 c 

FLOORING (STRUCTURAL) 






41 

CLOSEOUT STRUCTURE 






AZ 

LOCKING STRUCTURE 



TOT 



AH 







44 

THRUST STRUCTURE 






4_3 

THRUST STRUCTURE 






46 

FRAMES 




2500 


43 

BEAMS 




900 


43 

SKIN PANELS 




1600 


43 

BULKHEADS 






30 

LONGITUDINALS 




"T555 


51 

FITTINGS 




840 


52 

JOINTS, SPLICES, FASTENERS 




95 


33 







M 







39 

TOTAL-BASIC STRUCTURE 

4826 


12684 

7500 


36 

TOTAL-BROUGHT FORWARD ! [ 

29384 

37 

T 0 TAL-TO BE BROUGHT FORWARD 

?5394 


V2 ^cp. 7-1 
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r>v ’.n - cp. 
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BODY GROUP (3.0) 

SECONDARY STRUCTURC 


ORWARD } CErrrER"*T" AFT™ I SKIRT TdISTI 1 ™T" 

' TOTAL 



TOTAL-BOD' 


r>: '■-cn. 
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PROPULSION GROUPS (6. 0,7.0) 

ENGINE INSTALLATION (6.1 & 7.1) 
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PROPULSION GROUPS (6.0, 7.0) 

PROPELLANT SYSTEM (6.3 & 7.3) 



SD 71-140-4 





































PROPULSION GROUP (8.0) 


AUXILIARY PROPULSION (8.1 & 8.2) 



SD 71-140-4 
























































PRIME ELECTRICAL POWER -9. 0> 


PRIME ELECTRICAL POWER 0.1) 


TOTAL ; 



SD 71-140-4 



































ELECTRICAL POWER GERERAT ION <10. 0) 

ELECTRICAL POWER GENERATION & DISTRIBUTION (10.0) 



SD 71-140-4 






























HYDRAULIC & PNEUMATIC GROUP (II. 0) 


HYDRAULIC b PNEUMATIC SYSTEMS (11.0) 


HYDRAULIC ( PNEU- 

UNIT 1 I UNIT 2 I UNIT 3 I UNIT 4 MATIC 
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AVIONICS (13.0) 


AVIONICS (13.1) 



SD 71-140-4 






















































o 

AVIONICS (13.0) 

AVIONICS (13.2) 


3 m 


USBE S-BAND TR/RBC 


TA LINK DECODER 


AUDIO CENTER 


UHF ATC (AC) 


INTERROGATOR 


VHF/FM TX/Ra 


ag2 

e* 5 ™”* -35 ™ 


RADAR ALTIMETER 


ATC TRANSPONDER 


VHF RECOVERY BEACON 


O/B LINK 


CABLES + CLAMPS 


ANTENNAS 


ALTIMETER _ 


ATC 


RECOVERY BEACON 


VHF VOICE 


S-BAND 


RF NAVIGATION & LANDING 


VHF/FM 


DISPLAYS & CONTROLS 


ESI 

EZ3I 

eei 

EDI 

EEI 

EH1 

ELI 

EEI 

EEI 


m 


EEI 


ESI 




INTEGRAL DISPLAY ELECTRONICS UNIT 


DSKY 


ALFANUMERIC MESSAGE PANEL 


ROTATIONAL HAND CONTROLLER 


ROTAT. HAND CONTROL - INTERCONNECT 


TRANSLATIONAL HAND CONTROL 


PEDAL ASSY 


FLIGHT CONTROL MODE SELECTOR 


LIGHT & EMERGENCY POWER PANEL 


NAVIG. MODE SELECT PANEL 


3IT51 


COMMUNICATIONS P. 


CAUTION/WARNING PANEL 


TIME READOUT 


REW AUDIO PANEL 


PROPELLANT/HYBRID PANEL 


SEQUENCE CONTROL PANEL 


EPS CONTROL PANEL 




POWER/DISTRIBUTION CONTROL PANE 


521 WIRING 


PANEL STRUCTURE 


TOTAL SUB ITEMS THIS PAGE (13*2 
















































ENVIRONMENTAL CONTROL SYSTEMS (14.0) 


ENVIRONMENTAL CONTROL (14.2) 



























o 


RESIDUAL & UNUSABLE FLUIDS (23.0) 

RESIDUAL & UNUSABLE FLUIDS (23.1) 
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RESIDUAL & UNUSABLE FLUIDS (23.0) 


PROPELLANTS (23.3) 



SD 71-140-4 



























RESERVE FLUIDS (25.0) 



*a* m ?*p. 
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o 

RESERVE FLUIDS (25.0) 


RESERVE FLUIDS (25.1) 

BUS Mission 



V s ! '*p. 7-: 
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o 

RESERVE FLUIDS (25.0) 

RESERVE FLUIDS (25.1) 

TUG MISSION 
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INFLIGHT LOSSES (26.0) 


INFLIGHT LOSSES (26.1) 



SD 71-140-4 

































PROPELLANTS EXPENDED ( 27. 0, 28. 0, 29.0) 

PROPELLANTS - EXPENDED (27.1, 28.1, 2S.1) 

MDAC £ 




MDAC SPACE STATION 





SD 71-140-4 


































PROPELLANTS EXPENDED (27.0, 28.0, 29.0) 
PROPELLANTS - EXPENDED (27.1, 28.1, 29.1) 


KNS MISSION 



NOMINAL THRUST 



lD 

m 

Eg 

Eg 

EH 

EE 

m 

ED 

m 

33 

IB 

m 

-RJ 

m 

m 

m\ 


1 PRE-DOCK MANEUVER 


FUEL 


OXIDIZER 




ON-ORBIT MANUEVER 


FUEL 


OXIDIZER 


DE -ORBIT MANEUVER 


FUEL 


OXIDIZER 



las 

p 
I EE 
I EE 
ED 
I EE 
I EE 

[EE 

EE 

EE 

\tE 

rr 

rr 

m 

m 

ee 

\m 

re 

tr 

p 

I EE 

p 

[p| 


ON-ORBIT ATTITUDE 


FUEL 


OXIDIZER 



ENTRY ATTITUDE 


FUEL 


OXIDIZER 



CRUISE 


FUEL 



SD 71-140-4 


































PROPELLANTS EXPENDED (97.0, 28.0, 29.0) 
PROPELLANTS - EXPENDED (27.1, 28,1, 29.1) 




TUG MISSION 



27.0 


29.' 

0 

ASCENT 

CRUISE 

MANEUVER 

[-ACS 


MAIN BURN 


FUEL 


OXIDIZER 



PRE-DOCK MANEUVER 


FUEL 


OXIDIZER 


EE 
33 
iE3 
EE 
EQ 
EE 
EE 
EB 
ESI 

[□■•LCOH :J tuK'-K jSUi’j X y 

<y 

m 
m 




EEI 

ESI 

EDI 

EEI 

EHI 

EEI 

EEI 

EEI 

EEI 

EEI 

Oil 

mi 

mi 

FPI 

m 

eei 

EEI 

EEI 

EEI 

EEI 

ESI 

ESI 


ON-ORBIT ATTITUDE 


FUEL 


OXIDIZER 


ENTRY ATTITUDE 


FUEL 


OXIDIZER 



CRUISE 


FUEL 



































FORM 3945-A-3 NEW 0 70 




SEQUENCE SUMMARY WEIGHT STATEMENT 

CONFIGURATION BY DATE 

ESS - MDAC SPACE STATION 

CODE 

SYSTEM 

A 

B 

C 

D 

B 

F 

1.0 

WING GROUP 







2.0 

TAIL GROUP 





HI 


3.0 

BODY GROUP 



mnasm 

mstssm 

■aaia 


4.0 

INDUCED ENVIR PROTECT 







5.0 

LANDING. DOCKING 







6.0 

PROPULSION. ASCENT 







7,0 

PROPULSION, CRUISE 

! 




i 


8.0 

PROPULSION, AUXILIARY 

■2^1 


■RIBI 

■n 

■PI 


HI 

PRIME POWER 

3400 1 


3400 


3400 


10.0 

ELECTRICAL CONV & DIST 

1M"TW 

1190 

.1190. 


1190 


11.0 

PNEUMATIC DISTR. 

406 

406 

406 

4o6 

406 


12.0 

SURFACE CONTROLS 







13.0 

AVIONICS 


■ 1 1 ■ 





14,0 

ENVIRONMENTAL CONTROL 

1100 

1100 

noo 




15.0 

PERSONNEL PROVISION 







16.0 

RANGE SAFETY 







17*0 

BALLAST 







18.0 

GROWTH 







19.0 









SUBTOTAL (DRY WT) 

96936 

96936 

96936 

78355 

78355 


q 

6 

CM 

PERSONNEL 






' 

21*0 

PAYIOAD 

176960 

17696.0 

176960 




22.0 

ORDNANCE 







1 

EQ 1 

RESIDUAL FLUIDS 

WB5&M 



HMHN 

HHHB 


24*0 

PAYLOAD MARGIN 

HsfcW 


KESI 





SUBTOTAL (INERT WTI 

285191 

285191 

285191 

78355 

78355 



RESERVE FLUIDS 


WK338M 

W3&M 




26*0 

INFLIGHT LOSSES 

1 83^ 

83^ 





27.0 

PROPELLANT- ASCENT 







28.0 

PROPELLANT-CRUISE 

1 






\WrU TiM 

PROPELLANT-MANEUV/ACS 



nan 

muEm 



30.0 

















| TOTAL WEIGHT * LB 1992000 

iWISHM 

299421 

MiVSZSM 



DESIGNATIONS: 

ITEM 

A LIFTOFF 

B MAENSTAGE CUTOFF 

C ORBIT INSERTION 

D DEORBIT* 

E REENTRY* 

F 

NOTES & SKETCHES 

* DEORBIT AND REENTRY CONFIGURATIONS 
HAVE MA INSTAGE ENGINES AND FOUR GN & C 
CONTAINERS REMOVED. 
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FORM 3945-A-3 NEW 8-70 


O 

SEQUENCE SUMMARY WEIGHT STATEMENT 

CONFIGURATION 

ESG - RNS 


CODE 

SYSTEM 

A 

B 

C 

D 

E 

F 

1.0 

WING GROUP 







2,0 

TAIL GROUP 







3.0 

BODY GROUP 

wsm m 

msssm 


rnmsrn 

WSXGSBtm 


40 

INDUCED ENVIR PROTECT 







5.0 

LANDING, DOCKING 







6.0 

PROPULSION, ASCENT 

25328 


2532 a 

HfZ&B 

wtmm 


7.0 

PROPULSION, CRUISE 







8.0 

PROPULSION, AUXILIARY 

■sun 

■ISSI 

msnm 

■jgEI 

■SiEB 

♦ 

9.0 

PRIME POWER 

3400 

TTTB 


■kubsb 

■EUES* 


10.0 

ELECTRICAL CONV & DIST 

BESI 

KE9 


ancB 

anaa 


11.0 

PNEUMATIC DISTR. 

5oT^ 

406 

406 


565^ 


12.0 

SURFACE CONTROLS 


■ 





13.0 

AVIONICS 

mst&M 

MB 1 1 '1 B 

mzizm 

2322 

2322 


14.0 

ENVIRONMENTAL CONTROL 

1100 


1100 

722 

722 ... 


15.0 

PERSONNEL PROVISION 







16.0 

RANGE SAFETY 







17.0 

BALLAST 







18.0 

GROWTH 







19.0 









SUBTOTAL (DRY WT> 

96936 

96936 

96936 

78355 

78355 


20.0 

PERSONNEL 







21*0 

PAYLOAD 

msxmm 

msssm 





22.0 

ORDNANCE 







23.0 

RESIDUAL FLUIDS 

m&sm 

Hisa 



■BBBI 

m^m\ 

24.0 

PAYLOAD MARGIN 

msssm 

HE39 






SUBTOTAL (INERT WT) 

195215 

195215 

195215 

78355 

78355 


25.0 

RESERVE FLUIDS 

10480 

WBJUM 





26.0 

INFLIGHT LOSSES 

83__ 

mmm 




BBBBI 

27.0 

PROPELLANT- ASCENT 



^^BBB 



BHB 

28.0 

PROPELLANT-CRUISE 







29.0 

PROPELLANT-MANEUV/ACS 

17724 

msmm 

■an 

BKSafl 


1 

30.0 







BBBBI 

«■ 


■B^H 


■m 

MBB 




TOTAL WEIGHT -LB 

tisanssm 

223502 

212812 

82912 

KSSBEM 

1 

DESIGNATIONS: 

ITEM 

A LIFTOFF 

B MA INSTAGE CUTOFF 

C ORBIT INSERTION 

D DEO KBIT* 

E REENTRY* 

F 

NOTES & SKETCHES 

* DB0 EBIT AND REENTRY CONFIGURATIONS 
HAVE MAINSIAGE ENGINES AND FOUR GN & C 
CONTAINERS REMOVED. 


BY DATE 
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FORM 3945 A-3 NEW 8-70 




SEQUENCE SUMMARY WEIGHT STATEMENT 


CONFIGURATION 

ESS - NR TUG 


BY 


DATE 


CODE 


SYSTEM 


1.0 


WING GROUP 


2.0 


TAIL GROUP 


57m 


57847 


57847 


w 


57847 . 


3.0 


BODY GROUP 


4.0 


INDUCED ENVIR PROTECT 


5.0 


LANDING. DOCKING 


6.0 


PROPULSION. ASCENT 


-25328- 


25328 


£5828 


7738. 


7708 


7.0 


PROPULSION. CRUISE 


8.0 


PROPULSION. AUXILIARY 


4710 


g 


4710 


g 


4710~ 


g 


4710 




8400 


9.0 


PRIME POWER 


8400 


8400 


8400 


3400" 


10.0 


ELECTRICAL CONY & DIST 


1190 


1190 


1190 


1190 


1190 


11.0 


P NEUMATIC 


_ko£_ 


Jt 08 _ 


AQ6. 


A QL 


4o6 


12.0 


SURFACE CONTROLS 


13,0 


AVIONICS 


2955 


2955 


2955. 


2822. 


2822 


14.0 


ENVIRONMENTAL CONTROL 


1100 


1100 


1100 


722 


722 


15.0 


PERSONNEL PROVISION 


16.0 


RANGE SAFETY 


17.0 


BALLAST 


18.0 


GROWTH 


19.0 


SUBTOTAL (DRY WT) 


96936 


96936 


96936 


78355 


78355 


20.0 


PERSONNEL 


21.0 


PAYLOAD 


107180 


107180 


107180 


22.0 


PAYLOAD ADAPTER 


10000 




'OOP 
5965 

W 


10QQ.Q. 


100QQ- 


10000 


23.0 


RESIDUAL FLUIDS 


5965 


9413 


1 


24.0 


PAYLOAD MARGIN 


m 


SUBTOTAL (INERT WT) 


229494 


229494 


229494 


88355 


88355 


25.0 


RESERVE FLUIDS 


18487 


TS 45 


18487 


26.0 


INFLIGHT LOSSES 


51 




27.0 


PROPELLANT- ASCENT 


496420 


28.0 


PROPELLANT-CRUISE 


29.0 


PROPELLANT- MANEUy/ACS 


10401 


10401 


"H 25 T 


W 


30.0 


9405,2 [ 88351 


TOTAL WEIGHT - LB 


754885 


258465 


1^56238 


DESIGNATIONS: 


ITEM 

A 

B 

C 

D 

E 

F 


LIFTOFF 

MA INSTAGE CUTOFF 
ORBIT INSERTION 
DEORBIT* 
REENTRY* 


NOTES & SKETCHES 

* DBORBIT AND REENTRY CONFIGURATIONS 
HAVE MAINS TAGE ENGINES AND FOUR (31 & C 
CONTAINERS REMOVED. 
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SEQUENCE MASS PROPERTIES STATEMENT 
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SEQUENCE MASS PROPERTIES STATEMENT 

















































SEQUENCE MASS PROPERTIES STATEMENT 
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NOTES: 




























FORM 3945 A 7 NEW 8-70 




DESIGN DATA SUMMARY 

CONFIGURATION 

BY 

DATE 

PAGE 1 OF 7 


MAX. DYNAMIC PRESSURE, LB/SQ FT 397 

MAX, q a PSF DEGREE 1500 

ENTRY VELOCITY FT/SEC 

BALLISTIC COEFFICIENT W/C d A, LB/SQ FT 

ENTRY ANGLE DEGREES 

ULTIMATE LOAD FACTOR Nx Nv Nz @ WEIGHT, LB 

ASCENT 1.4 1.4 1.4 992000 

ABORT 

SEPARATION 

ENTRY 

CRUISE 

LANDING 


WING GROUP 

INSIDE 




FUSELAGE 


EXPOSED 

GROSS AREA SQ FT 

( ) 

< 

1 

TORQUE BOX 




LEADING EDGE (FIXED) 




TRAILING EDGE (FIXED) 




MOVABLE SURFACES 




VOLUME ■ CU FT 





ROOT BODY PLATFORM 

MAC THEORETICAL JUNCTION BREAK TIP 

CHORD LENGTH (FT) ' 

CHORD THICKNESS (FT) 

SPAN BETWEEN CHORDS (FT) ' 

DIHEDRAL ANGLE (DEG) SPAN BETWEEN DIHEDRAL BASES FT 

SWEEP BACK ANGLE (MEAN CHORD) 25% CHORD 

AIRFOIL DESCRIPTION _ 

TAPER RATIO 

THICKNESS/CHORD: ROOT TIP 

DESIGN LOAD 

CRITICAL LOAD CONDITION 

AREA SO FT 

CONTROL SURFACES TYPE RETRACT EXTEND 

T E. FLAPS 

L.E. FLAPS 

SPOILERS 

SPEED BRAKES 


PRIMARY STRUCTURAL MATERIALS DESIGN 

MATERIAL TEMP °F 

TORQUE BOX 

LEADING EDGE 

TRAILING EDGE (FIXED) 

MOVABLE SURFACES 
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FORM 3945-A-7 NEW 6 70 


DESIGN DATA SUMMARY 


CONFIGURATION 


PAGE 2 OF 7 


2. TAIL GROUP 

EXPOSED AREA FT* (TOT) 
TORQUE BOX 
LEADING EDGE (FIXED) 
TRAILING EDGE (FIXED) 
MOVABLE SURFACES 
CARRY THROUGH AREA - FT* 
EXPOSED SEMI-SPAN * FT 
CARRY THROUGH SPAN - FT 
NO. OF SURFACES/VEHICLE 
VOLUME • CU FT 
PRIMARY STRUCT MATERIAL 


INBOARD 

VERTICAL 


OUTBOARD 

VERTICAL 


FWD AFT 

HORIZONTAL 


CHORD LENGTH 

ROOT (THEORETICAL) FT 
MAC FT 

BODY, JUNCTION 
TIP, FT 

CHORD MAX. THICKNESS 
ROOT, FT 
TIP, FT 

DIHEDRAL ANGLE, QEGREE 
SWEEPBACK, 25% CHORD 

3. BODY GROUP 

INTEGRAL TANK WETTED 
AREA • FT* 

OXIDIZER TANK 
FUEL TANK 

INTER-TANK STRUCTURE 
ULLAGE PRESSURE -PSI 


FWD 

BULKHEAD 


BARREL 


OXIDIZER 


BASIC STRUCTURE WETTED FWD 

AREA -FT* 1 1190 ) (_ 

SIDEWALLS 1190 _ 

BULKHEADS . _ 

PARTITIONS _ 

THRUST STRUCTURE (MAIN ASCENT ENGINE) 
BODY VOLUME - CU FT (TOTAL) 

PRIMARY STRUCTURAL MATERIAL ALUM. _ 


AFT 

BULKHEAD 


1350 


FUEL 

AFT 

( 2265 


COMMON 

BULKHEAD 


1386 
. itlO 


SKIRT 

1210 


51600 


ALUM. 
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form NEW a 70 


DESIGN DATA SUMMARY 



LEADING EDGE/NOSE CAP RAD-FT; 

LEADING EDGE/NOSE CAP MAX. 

TEMP °F , 

LOWER SURFACE MAX. TEMP °F 

SIDE SURFACE MAX. TEMP °F 

UPPER SURFACE MAX. TEMP °F 
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FORM 3945-A 7 N£W 6 70 


DESIGN DATA SUMMARY 



5. LANDING, RECOVERY, DOCKING 


ALIGHTING GEAR 


NO./VEH 


DESIGN 
LOAD- LB 


EXTENDED 

STRUT 

LGTH-FT 


STROKE 

FT 


PRIMARY 

MATL 


PAGE 4 OF 7 


BRAKE 

MATL 


MAIN GEAR 
NOSE GEAR 


MAX. DESIGN LANDING WT * LB 

LANDING SPEED - KNOTS 

ANGLE OF ATTACK @ LANDING • DEG 

LIMIT LANDING SINK SPEED 

FT/SEC @ 

FT/SEC @ 


LB LANOING WT 

LB MAX DESIGN LANDING WT 


SEPARATION SYSTEM 

DESIGN "q" @ SEPARATION-PSF 
MAX AXIAL ACCELERATION-g's 
MAX DESIGN SEPARATION-WT LB 


DECELERATION CHUTE 

DIAMETER -FT 

NO./VEHICLE 

6. PROPULSION • MAIN ASCENT 
ENGINE 

PROPELLANT SYSTEM 
ULLAGE PRES-PSI 
PROPEL TYPE 
ULLAGE VOL* FT3 (MIN) 
PRESSURANT 
TOTAL TANK VOL - FT3 
USABLE PROP VOL - FT® ( MAX } 
TOTL LEN OF FEEDLINES - FT 


TANKAGE - NONINTEGRAL 
OXIDIZER 
OXIDIZER 
OXIDIZER 
FUEL 
FUEL 
FUEL 


THRUST-SL THRUST-VAC EXP RATIO 

H/A 632 ,200 150 

FUEL OXIDIZER 


Isp-VAC 


CHAMB 
PRES PSI 

3000 


(OPERATING LIMIT) 



SHAPE 


WET AREA 
SOFT 


VOLUME 

CUFT 
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FOAM 3945- A*7 NEW B 70 




DESIGN DATA SUMMARY | 

CONFIGURATION 

By 


PAGE S OF 7 


7. PROPULSION • CRUtSEBACK 


NO. OF ENGINES 

ENGINE THRUST * S.L. STATIC - LB 

SPECIFIC FUEL CONSUMPTION LB/LB ■ THRUST PER HR. @ NOMINAL 

CRUISE ALTITUOE * FT 

NOMINAL CRUISE ALTITUDE ■ FT 

NOMINAL CRUISE SPEED * KNOTS 

CRUISE ALTITUDE ENGINE OUT • FT 

CRUISE SPEED, ENGINE OUT - KNOTS 

CRUISE RANGE (ACTUAL REQ) - NA Ml 

CRUISE RANGE (MAX AVAIL ■ NO HEADWIND, ALL ENGINES UP) 

CRUISE LIFT DRAG RATIO 

ENGINE THRUST SIZED BY 

LIFT COEFFICIENT FOR CRITICAL THRUST CONDITION 

TANK VOL TANK TANK BURST NO. OF 
TYPE CU FT MATL PRES-PSI FACTOR TANKS 

FUEL SYSTEM 

PRESSURIZATION SYSTEM 

AIR INTAKE DUCT • LENGTH-FT 

• DIAMETERFT 

NACELLE WETTED AREA - EACH-SQ FT 


8. PROPULSION- AUXILIARY 


THRUSTERS 

THRUST (VACI-LB 

OMS 10000 

IspSEC 

U5k 

ACS 

QUANTITY REO 
MANEUVER 

2 

COMBI N 

L_ 

) 

ACS 2100 

.no 


1U 


(... 

J 






.. . (_. 

> 






. t 

) 






... - - - (- 

1 



TANK VOL 

TANK 

TANK 

BURST 

NO. OF 

PROPELLANT SYS (ACS) 

TYPE 

CU FT 

MATL 

PRE&FSI 

FACTOR 

TANKS 

FUEL 

GHo (ACCUM) 68 Ea 

Ti 

1000 

2.0 

2 

OXIDIZER 

GOX (ACCUML.-13_-.Ea. 

Alum 

1000 

_ 2.*0 

2 

FUEL pressurant 







OXIDIZER PRESS. 







PROPELLANT SYS (MANEUVER) 






fuel 

LH'i 

237 Ea 

Alum 

27 

2j0 

k 

OXIDIZER 

LOX 

298 

Alum 

.33 

2.0 

1 

FUEL PRESSURANT 

GHn 






OXIDIZER PRESS. 

. _G0X 






PRIME POWER 

SPECIFIC 



TOTAL 




POWER 



POWER 


TYPE 

BATTERIES 

9.6 

WATT-HRS/L8 


25200 

WATT.HRS Nickel /Silver 

ENGINE/TURBINE 


HP-HR LB FUEL 



_ HP-HR 




HP-LB OF ENGINE 


HP 


FUEL CELL 


WATT -HRS/LB FUEL 


WATTHRS 




WATTS LB OF FUEL CELL 


- WATTS 
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FORM NEW 8*70 




[ DESIGN DATA SUMMARY _ | 

|C0N FIGURATION 

BY 

DATE 

PAGE 6 OF 7 | 

10. 

ELECTRICAL POWER CONVERSION/DISTRIBUTION 






SYSTEM VOLTAGE 115/200 

_ VOLTS 






PEAK POWER 9700 

_ WATTS 






AVERAGE POWER TBD 

_ WATTS 





11. 

HYDRAULIC POWER CONVERSION DISTRIBUTION 






SYSTEM NOMINAL OPER PRESSURE PSI 





PEAK POWER 

HORSEPOWER 





AVERAGE POWER 

HORSEPOWER 





TOTAL VOLUME OF FLUID 

FT3 





FLUID TYPE 

MAX OPER TEMP 

- <>F 




12. 

SURFACE CONTROLS 

MAX DEFL MAX DESIGN 





AREA RATE DEFL HINGE 


NO/ 


SURFACE 

FT* DEG/SEC DEG MOM. FT/LB 

VEHICLE 




































13. 

AVIONICS 






14. 

ENVIRONMENTAL CONTROL 

TOT. STOR 

STORAGE 

TANK 


NO.-OF 



VOL-FT3 

PRES 

MATL 


TANKS 


GAS SUPPLY SYSTEM 1 

1 



< 

) 


PRIMARY OXYGEN _ 







SECONDARY OXYGEN _ 







DILUENT 







GAS REQUIREMENT AVERAGE RATES 






METABOLIC 

LB MAN-DAY 






LEAKAGE . 

LB DAY 






REPRESSURIZE . ..... . 

LB REPRESSURIZE 





PRESSURIZED SURFACE AREA 

- FT3 






HEAT TRANSPORT SYSTEM CAPACITY 

BTU HR (PEAK) 






BTU HR (AVEJ 




RADIATOR AREA 

SO FT 

MATERIAL 




WATER MANAGEMENT SYSTEM CAPACITY 






DRINKING WATER 

LB MAN-DAY X 


MAN DAYS 




WASHING 

LB MAN-DAY X 


MAN DAYS 




COOLING 

LB BTU X 


.BTU*S 



15. 

PERSONNEL PROVISIONS 






16. 

RANGE SAFETY AND ABORT 
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DESIGN DATA SUMMARY 
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ESS FLIGHT TIME (SECONDS) 


NOTES 






5.0 BOOSTER 


I 



Mass properties data for the booster used as a basis for this study were 
taken from the Space Shuttle Phase B booster configuration designed by the 
Convair Aerospace Division of General Dynamics, designated B-9U. This 
vehicle is described in report SD 71-114-2, Volume H, Book 3, dated 
26 March 1971 t titled M Booster Vehicle Definition/ 1 Mass properties for 
this vehicle are listed in report SD 70-403-8, dated 1 May 1971, titled M Space 
Shuttle Phase B Definition Mass Properties Status Report, n 

The weight penalties associated with adapting the B-9U booster to ESS 
payloads total 15, 241 pounds. They are of two kinds: 1) permanent (non- 
removable) weight in the form of beef-up of booster bulkheads to withstand 
the greater loads imposed by ESS, and 2) substitution of revised attach/ 
separation links and mechanisms, plus a platform, in place of the system 
used for the reusable orbiter, The bulkhead weight penalties are tabulated 
below. The combined effect to accommodate all three ESS payloads is a 
3181-pound weight increase. This is non-removable weight. 

The weight difference between the attach /separation links and mecha- 
nism for the ESS payloads is obtaining by subtracting the 4302 pounds of 
reusable orbiter system and adding a 97 70 -pound platform plus 6592 pounds 
of ESS attach /separation links and mechanism s. The weight penalty is there- 
fore 12,060 pounds in this area, which can be removed for reusable orbiter 
launches by substituting the alternate link- mechanism system. 


Detail Weight Changes 


Upper Stage 

Added Weight (lb) 

RNS 

Space 

Station 

Space 

Tug 

Combined 

Effect 

Station 1866 

354 

325 


354 

Station 2866 

871 

935 

879 

935 

Aft skirt 

39 

1892 

0 

1892 

Total 

1264 

3152 

879 

3181 
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/ 


BOOSTER WEIGHT STATEMENT (LAUNCH CONDITION) 


CONFIGURATION 


CODE 


1.0 




SYSTEM 


WING GROUP 


TAIL GROUP 


BODY GROUP 


INDUCED ENVIR PROTECT 


LANDING. DOCKING 


PROPULSION, ASCENT 


PROPULSION, CRUISE 


PROPULSION, AUXILIARY 


PRIME POWER 


ELECTRICAL CONV & DIST 


HYDRAULIC CONV & DIST 


SURFACE CONTROLS 


AVIONICS 


ENVIRONMENTAL CONTROL 


PERSONNEL PROVISION 


RANGE SAFETY 


BALLAST 


GROWTH 


ESS PLATFORM 


SUBTOTAL (DRY WTI 


PERSONNEL 


CARGO 


ORDNANCE 


RESIDUAL FLUIDS 


SUBTOTAL (INERT WT> 


RESERVE FLUIDS 


INFLIGHT LOSSES 


PROPELLANT- ASCENT 


PROPELLANT- CRUISE 


PROPELLANT- MANEUV/ACS 



61990 61990 6 1990 1 61990 


19230 19230 19230 


177301 182772 1827721 182772 


2644 82644 


27361 27361 27361 


27361 


1301 


504131 504131 50413 


14381 14381 14381 1438 



■fcr.l i:ra » fcf.1 f:K1 ■ Eftl i:« 


5468 

5468 

5468 

T650 

ITso 

IFso" 


TW 


627876 643117 643117 643117 



lEMaiEwawiEMa 



639828 655069 655069 655069 



20802 20802 20802 20802 


338230713382307129413 95 2749260 


1437 



TOTAL WEIGHT - LB 


DESIGNATIONS: 

ITEM 

A ^Reusable Orbiter 
B Space Station 

C Space Tug 

D Nuclear Stage 


4188223 4203464B762552 3570417 


NOTES & SKETCHES 

^Ref. SD 70-403-8, "Mass Properties 
Status Report, " dated 1 May 1971. 


5-5 


SD 71-140-4 

























































































































FCRM3«4 4 NEWB'TO 




GENERAL DYNAMICS 
Convoir Aerospace Division 


1 

GROUP WEIGHT STATEMENT 


CONFIGURATION 

B-9U DELTA BOOSTER 

BY 

CD/C 

DATE 

1 

PAGE 1 OF 5 


1. WING GROUP 

BASIC STRUCTURE 
TORQUE BOX 
LEADING EDGE 
TRAILING EDGE &c Tips 
SECONDARY STRUCTURE 

VARIABLE GEOMETRY (INC) LBS MECHANISM) 

DOORS, INSULATION, FAIRINGS 
CONTROL SURFACES (Elevons) 

A1LERONS-UNCL BALWT LB) 

T.E. FLAPS 
UE, FLAPS 
SPOILERS 
. SPEED BRAKES 

.2. TAIL GROUP 

SASIC STRUCTURE 
TORQUE BOX 

CARRY THROUGH (Pivot} 

LEADING EDGE 
TRAILING EDGE L Tips 
SECONDARY STRUCTURE 
CONTROL SURFACES 

RUDDER (INCLBALV/T LB) 

ELEVATOR (INCL BALWT LB) 


CARRY EXPOSED 
THROUGH SURFACE 
LT?_Q8-i) L3J)6141 
17085 Z6646 

3420“ 


47644 




8178 


8178 


SURFACE SUPTMECH 


6113 


VERTICAL. CANARD 

i 13121) ( 6 109 ) 

I 10992) t 6109 1 17101 


-934J- 


866 

"52T 


3256 
2184 
4W 

rsr 


L 


J L 


SURFACE 

2112. 


) 


SUPTMECH 


3. BODY GROUP 

INTEGRAL TANKAGE 

FUEL TANK (Incl. 6226 lb orbiter blkhd Ik longerons) 
OXIDIZER TANK(Incl. 2470 lb orbiter bulkhead) 
BETWEEN TANKS (CMN BLKHO) 

INSULATION (Fuel Tank) 

BASIC STRUCTURE 


67985 


Nose Fwd Adptr tank 1 * 

1 10135 ) ( 3652 ) ( 19623 > 
10 1$5 3652 14 14T * 


5 48 * 


Basic Weight 

BULKHEADS, Orbiter 

PARTITIONS 

THRUST STRUCTURE (MAIN ASCENT ENGINE) 

SECONDARY STRUCTURE 

CREVV COMPARTMENT & Avionics Compartment 

EQUIPMENT COMPARTMENTS 

RAOOME ANTENNAS 

SPEED BRAKES 

ENGINE HEAT PROTECTION 

INTERSTAGE (INCL MECII LBS) (Links St Mechanisms) 

Platform * 

GEAn WING PROVISIONS (MLG it Wing Bulkheads) 


Alternate Items, for ESS Payloads 


_ 17560 _ 

~ 7168 ~ 
SKIRT 
( 29G78 ) 


129678 _ 
1800 


_7869_ 

6592_ 

"9770 

T57TO 


-212-9- 


92718 


630S8 


36741 


61990 


19230 


192542 
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igEIVJE ff AL. DYNAMIC S 

Cony air Aerospace Division 


GROUP WEIGHT STATEMENT 


K CONFIGURATION 
1 B-9U DELTA BOOSTER 

BY 

GD/C 

DATE 

PAGE 2 

I 4* INDUCED ENVIRONMENT PROTECTION 



THERMAL PROTECTION 

WING 

Canard BODY 


LEADING edge nose cap 




SURFACE PROTECTION 




ABLATIVE 




INSULATION 

3796 

382 


RADIATIVE PANELS 

12369 

~vszz — bSrmr" 


SOUND PROTECTION 




5. LANOING, DOCKING 


STRUC' 


ALIGHTING GEAR 

ROLLING 

TORE CONTROLS ; 

MAIN 

9200 

13200 UDb 


NOSE 

600 

2600 4^5” 


DOCKING 




AUXILIARY SYSTEMS 




DECELERATION CHUTES 




FLOTATION GEAR 




HANDLING GEAR 


* 


6. PROPULSION* MAIN ASCENT 




ENGINES. ACCESSORIES 



101676 

|. ENGINE (ASSUPPLlED)fRef 1CD 13MI50G0B* 3 III 71) (GFE) 89940 


I GIMBAL SYSTEM 


7910 


I IGNITION AND CONTROL SYSTEM(Helium Sys) 

3826 


1 PROPELLANT UTILIZATION SYSTEM 



ACCESSORIES 




INSTALLAT ION, DUCTS, SHROUDS 



1704 

PROPELLANT SYSTEM 


FUEL OXIDIZER 

26806 

FILL DRAIN 


739 671 


PRESSURIZATION 


528 692 


VENT SYSTEM 


1098 213 


I Conditioning/Recirculating 

1161 282 


1 PREVALVES 


2100 2100 


I FEEDSYSTEMS 


5662 rrsTo - 


1 VORTEX, FLOW CONTROL SYSTEM 

, 


SUPPORTS ANO INSTALL 




TANKAGE4MONJNTEGRAL 

TANK INSULATE 

SUPTS 


FUEL 




OXIDIZER 

1 



* 
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. GENERAL DYNAMICS 
Convair Aerospace Division 


| GROUP WEIGHT STATEMENT 

CONFIGURATION 

B-9U DELTA BOOSTER 

8Y 

GD/C 

DATE 

PAGE 3 

OF 5 

7. PROPULSION -CRUISE BACK 




50413 

ENGINE & ACCESSORIES 



29150 


ENGINE (GFE) 


- 28140 



IGNITION AND CONTROL SY 


L 



LUBRICATION SY (DRY) 





ACCESSORIES- Cooling 


io 



INSTALLATION, DUCTS. SHROUD 



8913 


AIR INDUCTION 


1020 



ENGINE MOUNTING 


* 96 



1 NACELLES PYLONS (INCL 2325 lb Deploy Mech) 

7077- 



EXHAUST SY 


720 



PROPELLANT SY 



2020 


FILL DRAIN 


U2_ 



PRESSURIZATION (DRY) 





VENT SY /Dump System 


232- 



PUMP 


i&o- 



FEED SY 


546 



TRANSFER SY 


720 



DUMP SY 





SUPPORTS/INSTALLATION 


■ 223 



TANKAGE - NON-INTEGRAL 

TANK INSULATE 

SUPTS 

10330 


FUEL Main 

ft*™ 

100 



- Fwd 

1100 

500 



8. PROPULSION -AUXILIARY 


ATT 

MANEU- 

10557 



control 

VER 


THRUSTER INSTALLATION 


1200 



THRUSTER 

mo a 




ACCESSORY 

. 19? 




PROPELLANT SY 


8302 



FILL/DRAIN 

24ft 




PRESSURIZATION /Vent 

169 




Conditioning 

1869 


_ 


FEED SYSTEM 

4118 




Exhaust System 





SUPPORTS 





TANKAGE 


1055 



TANKS 





INSULATION 





SUPPORTS 



- 


9. PRIME POWER POWER 

MTG/ PROPEL 

TEMP* CON- 


1801 

UNIT 

* instal tank/sys control trols 

TOTAL 


BATTERIES ‘ TIT 

10 


( 80 ) 


ENGINE/TURBINE 772 

589 360 


. < 1721 ) 


FUEL CELL 



( ) 


10. ELECTRICAL 

CONVER- 

CONTROL 

1 

1 

1438 


SUPPLY SION 

UNITS 

272 


EQUIPMENT 

112 148 

-12 

■ 


| DISTRIBUTION AND CONTROL CIRCUITRY 


996 


UTILITY SYSTEMS 



92 


SUPPORTS/INSTALLATION 



- — ?£ — 
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GENERAL DYNAMICS 


Convair Aerospoce Division 


/CONFIGURATION 

B-9U DELTA BOOSTER 


! 11. HYORAULIC 

POWER SUPPLY 
DISTRIBUTION CONTROL CTR 
! TEMPERATURE CONTROLSY 

' AUXILIARY SYSTEMS 
SUPPORTS INSTALLATION 


GROUP WEIGHT STATEMENT 


GD/C 


PRIMARY UTILITY EMERG 

1 1 I I ( ! 


-r®r 


PAGE 4 OF S 


UNITS 

2169 

419 


12. SURFACE CONTROLS 

COCKPIT CONTROLS 
FLIGHT CONTROLSY 
SYSTEM ACTUATION 

JCle von 
Canard 
RUDDER 
T.E. FLAP 
SPEED BRAKE 

13. AVIONICS 

. GUIO/NAV/Flt, Ctr. 
FLIGHT CONTROL 
DATA MANAGEMENT 
COMMUNICATE 
CONFIG SEQ 
INSTRUMENTATION 
DISPLAYS/ Controls 


14. ENVIRONMENTAL CONTROL 

GAS SUPPLY SYSTEM (DRY) 

GAS MANAGEMENT PROCESSING (DRY) 
HEAT TRANSPORT SYSTEM (DRY) 
Anti-icing, Windshield 
Body Ground Purge 

15. PERSONNEL PROVISIONS 

SEATS/RESTRAINT SYS (NO. JLJ 
FIXEO LIFE SUPPORT EQUIPMENT 
EMERGENCY EQUIPMENT 
CARGO HANDLING 
FURNISHINGS 

16. RANGE SAFETY AND ABORT 


POWER FEEL SUPTS (SEE 

CONTROLS XMISSION ACTUATOR SY INSTALL 

J l ( I Ann) I *73?) ( i ( 657) _ 

______ 744 5 o 3 0 4^0 

646 1842 202 

110 260 ■ 27 


AVION 


CIRCUITRY COOLING ANTENNAS INSTALL 


2910 ) 1 
230 _ 


39) I 


18. Contingency 


46486 


19. OPEN 


SUBTOTAL (DRY WEIGHT) 


643117 



SD 71-140-4 














POflM»4£'A4 NEWe-TQ 


GENERAL OYNA MICS 

Convair Aerospace Division 



GROUP WEIGHT STATEMENT 


CONFIGURATION 

BY 

DATE 

PAGE S 

OF 5 

B-9U Delta Booster 

GD/C 

5/11/71 

20, PERSONNEL 


PRESS. ACCESS- 


i 476 


NO. MAN 
CREW ( 2 > 200 

PASSENGER t ) 

PERSONAL GEAR/ACCESSORIES 
LIFE SUPPORT 
FOOD 

EQUIPMENT • 


GARMENTS HELMET 


SUIT 

50 


ORIES 
10 ‘ 


"IT 


460 




21. CARGO 

22. ORDNANCE 


23. RESIDUAL & UNUSABLE FLUIOS 

ASCENT 6001 lb GO 2 : 850 lb GH<> @ landin g 
CRUISE 1080 lb JP Fuel; 360 lb Oil 
MANEUVER 

ATTITUDE CONTROL /APU 
ECS 

ERG Helium, Ascent Propulsion Purge 

HYDRAULIC 


6651 

J1MSL 



174 

2042 


11476 


24. OPEN 


SUBTOTAL (INERT WEIGHT) 


25. RESERVE FLUIDS 
ASCENT 
CRUISE 
MANEUVER 
ATTITUDE CONTROL 
ECS 
EPS 

HYORAULIC 


Included below 


28. INFLIGHT LOSSES 

ASCENT (10203 lb OoJ 7233 lb H 2 > 

CRUISE Engine Start Cartridges 
MtttfDoatSR A PS/A PU Boil -Oil 

RSSJJbt&£CQtJ5fi£tk A PS /APU Propellant Conditioning Losses 

ECS 

EPS APU 

KKEtftacoacc Helium, Ascent Propulsion Purge 


<655069 


20802 


17441 , 


OS!. 


205 


1233 


ISST 


27. PROPELLANT - ASCENT (Incl, 5760 lb thrust decay propellants which are 

not included in performance calculations) 


28. PROPELLANT • CRUISE 


* 


33B2307 


1437SG 


29. PROPELLANT • MANEUV/ACS 


MANEUV ACS 
_____ 1500 


1500 


TOTAL (GROSS WEIGHT) 


4203464 


^Space Station uses maximum ascent propellants. 
Space Tug is off-loaded 440, 900 lbs. 

Nuclear Stage is off-loaded 633, 050 lbs. 
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FORM 3945*A*3 NEW 8-70 


SEQUENCE SUMMARY WEIGHT STATEMENT 


CONFIGURATION 

0 B-9U DELTA BOOSTER 


DATE 


GDC 


C 


SUBTOTAL (DRY WT) 
PERSONNEL 

CARGO 

ORDNANCE 
RESIDUAL FLUIDS 


SUBTOTAL (INERT WT) 


643117 


I I 1 

’(SAME FOR ALL ITEMS) 


655069 655069 655069 655069 655069 655069 




15001 1500 




1500 


\ TOTAL WEIGHT -LB 
DESIGNATIONS: 

ITEM 

A Liftoff 
B Max Q 
C B-G 

D Burnout (entry) 

E Start cruise return 
F Landing 


802086 655069 


14203464 279062212178181 

NOTES & SKETCHES 

^Ascent propellants include 5760 lb 
thrust decay propellants which are 
not included in performance 
calculations. 

0Ascent propellant loaded for MDAC 
SS trajectory. 
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FORM 3945-A-3 NEW 8 70 


SEQUENCE SUMMARY WEIGHT STATEMENT 


CONFIGURATION 

0 B-9U DELTA BOOSTER 


DATE 


GDC 


SUBTOTAL (DRY WT) 
PERSONNEL 

CARGO 

ORDNANCE 
RESIDUAL FLUIDS 


643117 


1147< 


’(SAME FOR ALL ITEMS)' 


SUBTOTAL (INERT WT) 

RESERVE FLUIDS 

INFLIGHT LOSSES 

PROPELLANT- ASCENT* 
PROPELLANT- CRUISE 
PROPELLANT-MANEUV/ACS 


| TOTAL WEIGHT -LB 

DESIGNATIONS: 

ITEM 

A Liftoff 
B Max Q 
C B-G 

D Burnout (entry) 

E Start cruise return 
F Landing 


655069 655059 655069 655069 655069 655069 


20802 1 20 


14371 


MilrJrJ ml ni l 


>570417 12418867119070671 82115718020 


NOTES St SK ETCHES 

* Ascent propellants include 5760 lb 
thrust decay propellants which are not 
included in performance calculations. 

0Ascent propellant loaded for RNS 
trajectory. 
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f- t)HM 3940-A-J NLW 8 70 


SEQUENCE SUMMARY WEIGHT STATEMENT 


configuration 

0 B-9U DELTA BOOSTER 


A 

61 99( 

irz'M 

18277; 

“ 8264 ^ 

“2736: 

13018* 

5041; 

1055’ 


GDC 


ltagliCTa«3Br;^WfflCTaraieill 


SUBTOTAL (DRY WT) 
PERSONNEL 

CARGO 

ORDNANCE 

RESIDUAL FLUIDS 


SUBTOTAL (INERT WTl 

RESERVE FLUIDS 
INFLIGHT LOSSES 
PROPELLANT- ASCENT* 
PROPELLANT-CRUISE 
PROPELLANT-MANEUV/ACS 


1 TOTAL WEIGHT - LB 
DESIGNATIONS: 

ITEM 

A Liftoff 
B Max Q 
C B-G 

D Burnout (entry) 

£ Start cruise return 
F Landing 


64311' 


1 147( 


65506' 


655069 655069 655069655069 


igiaailflgglBMfll 


15001 15001 15001 150 


802086655069 


37625522669526|1713127| 821157 

NOTES & SKETCHES 

*Ascent propellants include 5760 lb 
thrust decay propellants which are 
not included in performance 
calculations. 

OAscent propellant loaded for NR 
tug trajectory. 
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SEQUENCE MASS PROPERTIES STATEMENT 
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NOTES: 
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SEQUENCE MASS PROPERTIES STATEMENT 



NOTES: 





































































6.0 SUPPLEMENTARY INFORMATION 
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